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WATER Q U A L I T Y M O N I T O R I N G O F JOHNSON SAUK T R A I L L A K E 
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A N I N T E R I M REPORT 
b y 
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I N T R O D U C T I O N 
J o h n s o n S a u k T r a i l L a k e , l o c a t e d i n H e n r y C o u n t y , I l l i n o i s , i s a 
5 7 . 4 - a c r e ( 2 3 . 2 - h a ) l a k e w i t h m a x i m u m a n d m e a n d e p t h s o f 2 3 . 0 f e e t 
C 7 . 0 I m ) a n d 8 . 2 f e e t ( 2 . 5 0 m ) r e s p e c t i v e l y . T h e l a k e a n d t h e 
s u r r o u n d i n g J o h n s o n S a u k T r a i l L a k e S t a t e P a r k a r e m a n a g e d b y t h e 
I l l i n o i s D e p a r t m e n t o f C o n s e r v a t i o n f o r o u t d o o r r e c r e a t i o n a l 
a c t i v i t i e s . T h e s e a c t i v i t i e s i n c l u d e b a n k f i s h i n g , b o a t f i s h i n g , i c e 
f i s h i n g i n s e a s o n , b o a t i n g , c a n o e i n g , c a m p i n g , p i c n i c k i n g , h u n t i n g , 
h o r s e b a c k r i d i n g , a n d v a r i o u s o t h e r s u m m e r a n d w i n t e r o u t d o o r 
r e c r e a t i o n a l a c t i v i t i e s . 
T h e l a k e ' s w a t e r s h e d w i t h a t o t a l a r e a o f 8 7 6 . 1 a c r e s ' ( 3 5 4 . 6 h a ) 
i s i n e x c e l l e n t c o n d i t i o n w i t h p e r m a n e n t v e g e t a t i v e c o v e r i n 8 6 . 6 % o f 
t h e w a t e r s h e d a n d w i t h l i t t l e o r n o l a n d d i s t u r b a n c e . T h e p r e d o m i n a n t 
l a n d u s e s i n t h e w a t e r s h e d a r e g r a s s l a n d ( 4 6 . 4 % ) , w o o d l a n d ( 4 0 . 2 % ) , 
a n d r e c r e a t i o n a l d e v e l o p m e n t ( 6 . 9 % ) , a n d t h e r e s t i s w a t e r . 
A d e t a i l e d l i m n o l o g i c a l s t u d y o f J o h n s o n S a u k T r a i l L a k e 
c o n d u c t e d d u r i n g 1 9 8 1 ( K o t h a n d a r a m a n a n d E v a n s , I 9 8 3 ) i n d i c a t e d t h a t 
t h e l a k e r e m a i n s h i g h l y e u t r o p h i c , e v e n t h o u g h t h e w a t e r s h e d h a s l o n g 
b e e n r e t u r n e d t o a n u n d i s t u r b e d c o n d i t i o n . T h e l a k e w a t e r q u a l i t y 
c h a r a c t e r i s t i c s w e r e f o u n d t o b e t y p i c a l o f m i d w e s t e r n l a k e s , w i t h 
h i g h a l k a l i n i t y , c o n d u c t i v i t y , a n d d i s s o l v e d s o l i d s . T h e r e w a s a n 
a b u n d a n c e o f p h o s p h o r u s i n t h e l a k e s y s t e m a l l t h e t i m e . T h e 
t r i b u t a r i e s t o t h e l a k e w e r e n o t f o u n d t o c o n v e y u n u s u a l a m o u n t s o f 
s u s p e n d e d a n d n u t r i e n t l o a d s . T h e l a k e r e c e i v e d s e d i m e n t s f r o m i t s 
w a t e r s h e d a t t h e a n n u a l r a t e o f 3 . 3 t o n s / a c r e . I n t e r n a l r e g e n e r a t i o n 
o f n i t r o g e n a n d p h o s p h o r u s u n d e r a n o x i c c o n d i t i o n s d u r i n g t h e s u m m e r 
t h e r m a l s t r a t i f i c a t i o n a c c o u n t e d f o r 9 3 . 5 % o f t h e i n o r g a n i c l o a d i n g 
a n d 7 5 % o f t h e d i s s o l v e d p h o s p h o r u s l o a d i n g t o t h e l a k e . T h e 
t r i b u t a r i e s c o n t r i b u t e d o n l y 1 . 5 a n d 1 7 . 7 % o f i n o r g a n i c n i t r o g e n a n d 
d i s s o l v e d p h o s p h o r u s , r e s p e c t i v e l y . T h e r e m a i n d e r e m a n a t e d f r o m 
a t m o s p h e r i c p r e c i p i t a t i o n a n d d r y f a l l o u t ( i b i d ) . 
T h e d e t a i l e d l i m n o l o g i c a l d a t a d e v e l o p e d f o r t h e l a k e 
( K o t h a n d a r a m a n a n d E v a n s , 1 9 8 3 ) i d e n t i f i e d t h e l a k e ' s m a j o r w a t e r 
q u a l i t y p r o b l e m s a s : 
● O x y g e n d e p l e t i o n a t d e p t h s 8 f e e t b e l o w t h e w a t e r s u r f a c e d u r i n g 
t h e s u m m e r s t r a t i f i c a t i o n p e r i o d . 
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● A l g a l g r o w t h s o f b l o o m p r o p o r t i o n s i n t h e l a k e , w i t h b l u e - g r e e n 
a l g a e a s t h e d o m i n a n t s p e c i e s . 
● E x t e n s i v e g r o w t h o f m a c r o p h y t e s c o v e r i n g a b o u t 2 7 % o f t h e 
l a k e s u r f a c e , w h i c h i n t e r f e r e s w i t h r e c r e a t i o n a l a c t i v i t i e s . 
B a s e d o n t e c h n i c a l , e n v i r o n m e n t a , a n d e c o n o m i c c o n s i d e r a t i o n s , 
t h e f o l l o w i n g i n - l a k e m a n a g e m e n t t e c h n i q u e s w e r e c h o s e n f o r 
i m p l e m e n t a t i o n i n t h e l a k e : 
* A e r a t i o n / d e s t r a t i f i c a t i o n o f t h e l a k e . 
* P e r i o d i c a p p l i c a t i o n s o f c h e l a t e d c o p p e r s u l f a t e f o l l o w e d 
b y p o t a s s i u m p e r m a n g a n a t e a p p l i c a t i o n s . 
* H a r v e s t i n g a n d r e m o v a l o f m a c r o p h y t e s f r o m s e l e c t e d a r e a s 
i n t h e l a k e . 
* L a k e s h o r e s t a b i l i z a t i o n a t t w o o n - s h o r e l o c a t i o n s t o t a l l i n g 
3 0 0 f e e t i n l e n g t h . 
I m p l e m e n t a t i o n o f t h e i n - l a k e w a t e r q u a l i t y m a n a g e m e n t t e c h n i q u e s 
w a s a p p r o v e d b y t h e I l l i n o i s D e p a r t m e n t o f C o n s e r v a t i o n a n d t h e U . S . 
E n v i r o n m e n t a l P r o t e c t i o n A g e n c y . I t w a s j o i n t l y f u n d e d b y t h e s e t w o 
a g e n c i e s u n d e r t h e C l e a n L a k e s P r o g r a m , a n d t h e p r o j e c t a d m i n i s t r a t i o n 
w a s p r o v i d e d b y t h e I l l i n o i s E n v i r o n m e n t a l P r o t e c t i o n A g e n c y . T h e 
W a t e r Q u a l i t y S e c t i o n o f t h e I l l i n o i s S t a t e W a t e r S u r v e y , D i v i s i o n o f 
E n e r g y a n d N a t u r a l R e s o u r c e s , m o n i t o r e d t h e l a k e ' s w a t e r q u a l i t y f o r a 
1 2 - m o n t h p e r i o d d u r i n g t h e i m p l e m e n t a t i o n o f t h e w a t e r q u a l i t y 
m a n a g e m e n t s c h e m e . T h i s i n t e r i m r e p o r t p r e s e n t s t h e d a t a a n d r e s u l t s 
f o r t h e p e r i o d f r o m M a y 1 9 8 4 t o A p r i l 1 9 8 5 . 
M A T E R I A L S AND METHODS 
A n a x i a l f l o w , l o w e n e r g y , m e c h a n i c a l p u m p s i m i l a r t o t h a t 
d e v e l o p e d b y Q u i n t e r o a n d G a r t o n ( 1 9 7 3 ) a t O k l a h o m a S t a t e U n i v e r s i t y , 
S t i l l w a t e r , O K , w a s u s e d t o d e s t r a t i f y J o h n s o n S a u k T r a i l L a k e . T h e 
d e s t r a t i f i e r c o n s i s t s o f a n 8 - f o o t - d i a m e t e r p r o p e l l e r w i t h s i x 
v a r i a b l e p i t c h s y m m e t r i c a l b l a d e s m o u n t e d o n a v e r t i c a l s h a f t , d r i v e n 
b y a 2 h o r s e p o w e r ( 2 2 0 V , s i n g l e p h a s e , 1 7 4 0 R P M ) m o t o r t h r o u g h a 
s y s t e m o f g e a r r e d u c t i o n b o x ( 2 9 . 5 0 ) a n d p u l l e y - b e l t a r r a n g e m e n t s . 
T h e s y s t e m w a s m o u n t e d o n a f l o a t i n g p l a t f o r m s u c h t h a t t h e p r o p e l l e r 
w a s l o c a t e d a b o u t 5 f e e t b e l o w t h e w a t e r s u r f a c e . T h e p i t c h o f t h e 
i n d i v i d u a l b l a d e c a n b e s e t a t a n y d e s i r e d a n g l e w i t h i n t h e r a n g e o f 
1 4 t o 3 0 d e g r e e s . A s t h e b l a d e s a r e s y m m e t r i c a l , t h e p u m p i n g 
e f f i c i e n c y w i l l r e m a i n t h e s a m e w h e t h e r l a k e w a t e r i s p u m p e d f r o m t h e 
s u r f a c e t o w a r d t h e b o t t o m o r v i c e v e r s a . A r e v e r s i b l e s w i t c h i n t h e 
s y s t e m p e r m i t s t h e d i r e c t i o n o f r o t a t i o n o f t h e m o t o r a n d c o n s e q u e n t l y 
t h e d i r e c t i o n o f r o t a t i o n o f t h e p r o p e l l e r t o b e r e v e r s e d w i t h e a s e . 
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T h e d e s t r a t i f i e r w a s i n s t a l l e d o n J u l y 2 , 1 9 8 4 a n d b e g a n 
o p e r a t i n g t h e n e x t d a y . H o w e v e r , i t r e m a i n e d i n o p e r a t i v e m o s t o f t h e 
t i m e u n t i l A u g u s t 2 4 , 1 9 8 4 b e c a u s e o f i m p r o p e r i n i t i a l p u l l e y s i z e 
s e l e c t i o n , i n a d e q u a t e f a s t e n i n g a r r a n g e m e n t o f t h e p r o p e l l e r t o t h e 
v e r t i c a l s h a f t , a n d a f e w o t h e r m i n o r d e f i c i e n c i e s i n t h e d e s i g n a n d 
f a b r i c a t i o n o f t h e s y s t e m . T h e u n i t w a s h a u l e d a s h o r e a n d r e p a i r e d 
a n d w a s t h e n r e i n s t a l l e d o n A u g u s t 2 4 , 1 9 8 4 , a f t e r w h i c h i t o p e r a t e d 
w e l l w i t h o u t a n y m e c h a n i c a l f a i l u r e . 
T h e d e s t r a t i f i e r w a s o p e r a t e d i n t h e d o w n f l o w m o d e d u r i n g s u m m e r 
s t r a t i f i c a t i o n a n d i n t h e u p f l o w m o d e d u r i n g t h e w i n t e r m o n t h s t o 
b r i n g t h e w a r m e r n e a r b o t t o m w a t e r s t o t h e s u r f a c e t o k e e p a p o r t i o n 
o f t h e l a k e f r o m f r e e z i n g u p . T h e s y s t e m w a s o p e r a t e d c o n t i n u o u s l y 
f r o m A u g u s t 2 4 , 1 9 8 4 t o e a r l y M a r c h 1 9 8 5 w h e n i t w a s s h u t o f f b e c a u s e 
o f t h e n a t u r a l s p r i n g o v e r t u r n . T h e u n i t w a s p u r c h a s e d a n d i n s t a l l e d 
a t a t o t a l c o s t o f $ 1 1 , 0 0 0 . 
I n o r d e r t o a s s e s s t h e e f f i c a c y o f t h e i n - l a k e w a t e r q u a l i t y 
m a n a g e m e n t s c h e m e f r o m t h e s t a n d p o i n t o f i m p r o v i n g l a k e w a t e r q u a l i t y , 
c e r t a i n p h y s i c a l , c h e m i c a l , a n d b i o l o g i c a l m e a s u r e m e n t s w e r e m a d e . 
T h e l o c a t i o n s o f t h e d e s t r a t i f i e r a n d t h e s a m p l i n g s t a t i o n s i n t h e 
l a k e a r e s h o w n i n f i g u r e 1 . 
Figure 1. Locations of the sampling points and the destratifier 
in Johnson Sauk Trail Lake 
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T h e l a k e w a s m o n i t o r e d f o r d i s s o l v e d o x y g e n , t e m p e r a t u r e , a n d 
s e c c h i d i s c r e a d i n g s a t s t a t i o n s 1 a n d 2 , j u s t a s d u r i n g t h e 
d i a g n o s t i c - f e a s i b i l i t y i n v e s t i g a t i o n . O b s e r v a t i o n s f o r D O a n d 
t e m p e r a t u r e w e r e m a d e a t 2 - f o o t i n t e r v a l s c o m m e n c i n g f r o m t h e s u r f a c e 
a t s t a t i o n 1 a n d a t 1 - f o o t i n t e r v a l s a t s t a t i o n 2 . 
W a t e r s a m p l e s f o r c h e m i c a l a n a l y s e s w e r e t a k e n a t t h e d e e p 
s t a t i o n ( s t a t i o n 1 ) f r o m t h r e e d i f f e r e n t p o i n t s : 1 f o o t b e l o w t h e 
s u r f a c e , 1 f o o t a b o v e t h e b o t t o m , a n d a t m i d - d e p t h . A n a l y s e s w e r e 
m a d e f o r p H , a l k a l i n i t y , c o n d u c t i v i t y , t o t a l s u s p e n d e d a n d d i s s o l v e d 
s o l i d s , v o l a t i l e s u s p e n d e d s o l i d s , t u r b i d i t y , t o t a l p h o s p h o r u s , 
d i s s o l v e d p h o s p h o r u s , n i t r a t e - n i t r o g e n , a n d K j e l d a h l - n i t r o g e n . 
I n t e g r a t e d w a t e r s a m p l e s ( i n t e g r a t e d t o a d e p t h o f t w i c e s e c c h i 
d e p t h ) w e r e c o l l e c t e d a t s t a t i o n 1 f o r c h l o r o p h y l l - a c o n c e n t r a t i o n s 
a n d f o r i d e n t i f y i n g a n d e n u m e r a t i n g a l g a l d e n s i t y i n t h e l a k e w a t e r s . 
L a k e b o t t o m s e d i m e n t s w e r e s a m p l e d w i t h a n E k m a n d r e d g e a t 
s t a t i o n s 1 a n d 2 t o i d e n t i f y a n d e n u m e r a t e b e n t h i c o r g a n i s m s . 
P h y s i c a l a n d c h e m i c a l w a t e r q u a l i t y c h a r a c t e r i s t i c s w e r e 
e v a l u a t e d a t b i w e e k l y i n t e r v a l s f r o m M a y t o S e p t e m b e r a n d a t m o n t h l y 
i n t e r v a l s d u r i n g t h e r e m a i n d e r o f t h e p r o j e c t p e r i o d . P h y t o p I a n k t o n 
a n d c h l o r o p h y l l w e r e m o n i t o r e d a t b i w e e k l y i n t e r v a l s f r o m M a y t o 
S e p t e m b e r , a n d b e n t h o s w e r e e x a m i n e d o n c e a m o n t h f r o m J u n e t o 
S e p t e m b e r . 
T h e d e t a i l s o f t h e f i e l d a n d l a b o r a t o r y p r o c e d u r e s u s e d i n t h i s 
i n v e s t i g a t i o n c a n b e f o u n d i n t h e e a r l i e r r e p o r t b y K o t h a n d a r a m a n a n d 
E v a n s ( 1 9 8 3 ) : 
W a t e r s a m p l e s o b t a i n e d a t t h e s u r f a c e a n d 2 f e e t f r o m t h e s u r f a c e 
a t s t a t i o n s 1 , 2 , a n d 3 w e r e a n a l y z e d f o r c o p p e r i m m e d i a t e l y b e f o r e 
a n d o n e d a y a f t e r t h e a p p l i c a t i o n o f c h e l a t e d c o p p e r s u l f a t e t o t h e 
l a k e f o r c o n t r o l o f b l u e - g r e e n a l g a e . 
' M a c r o p h y t e s w e r e h a r v e s t e d a n d r e m o v e d f r o m t h e l a k e d u r i n g t h e 
p e r i o d J u n e 1 1 , 1 9 8 4 t o J u n e 1 7 , 1 9 8 4 u s i n g a 4 - f o o t - c u t m e c h a n i c a l 
h a r v e s t e r . T h e h a r v e s t e d m a c r o p h y t e s w e r e m a n u a l l y r e m o v e d f r o m t h e 
h a r v e s t e r , l o a d e d i n t o p i c k - u p t r u c k s , t r a n s p o r t e d , a n d d i s p o s e d o f o n 
l a n d w i t h i n t h e p a r k b o u n d a r i e s . T h e h a r v e s t i n g w a s a c c o m p l i s h e d a t a 
c o n t r a c t e d c o s t o f $ 5 , 0 0 0 f o r 8 0 m a c h i n e - h o u r s e x c l u d i n g t h e c o s t o f 
m a n p o w e r i n v o l v e d i n o f f s i t e d i s p o s a l o f t h e h a r v e s t e d w e e d s . 
A p p r o x i m a t e l y 1 0 a c r e s o f t h e 1 5 . 4 a c r e s o f m a c r o p h y t e b e d s w e r e 
h a r v e s t e d . T h o u g h a r e g r o w t h o f t h e m a c r o p h y t e s w a s a n t i c i p a t e d 
d u r i n g t h e l a t e s u m m e r - e a r l y f a l l p e r i o d , t h e h a r v e s t e d a r e a s w e r e 
w e e d - f r e e f o r t h e r e m a i n d e r o f t h e r e c r e a t i o n a l s e a s o n . 
C o p p e r s u l f a t e c h e l a t e d w i t h c i t r i c a c i d w a s a p p l i e d o n A u g u s t 8 , 
1 9 8 4 . A t o t a l o f 3 0 0 p o u n d s o f C u S O 4 • 5 H 2 O w a s m i x e d w i t h 1 5 0 p o u n d s o f 
c i t r i c a c i d . B u r l a p b a g s c o n t a i n i n g T h i s m i x t u r e w e r e t i e d t o t h e 
d e s t r a t i f i e r r a f t , a n d t h e a e r a t o r w a s o p e r a t e d i n a n u p f l o w m o d e . 
T h e f l o w i n d u c e d b y t h e d e s t r a t i f i e r p a s t t h e b a g s d i s s o l v e d t h e 
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c h e m i c a l s . W i t h t h e n a t u r a l l a k e c i r c u l a t i o n a i d e d b y t h e i n d u c e d 
m i x i n g , c o p p e r w a s f o u n d t o b e u n i f o r m l y d i s t r i b u t e d t h r o u g h o u t t h e 
l a k e . S a m p l e s f o r c o p p e r a n a l y s e s w e r e c o l l e c t e d o n A u g u s t 1 0 , 1 9 8 4 
a n d 6 0 p o u n d s o f p o t a s s i u m p e r m a n g a n a t e w a s a p p I i e d t o t h e l a k e o n 
A u g u s t 1 0 , 1 9 8 4 i n a m a n n e r s i m i l a r t o t h e a p p l i c a t i o n o f c o p p e r 
s u l f a t e . 
R E S U L T S 
A s u m m a r y o f t h e r e s u l t s o f o b s e r v a t i o n s f o r some o f t h e p h y s i c a l 
p a r a m e t e r s a n d a l l t h e r o u t i n e l y m o n i t o r e d c h e m i c a l p a r a m e t e r s i s 
s h o w n i n T a b l e 1 . T h e o b s e r v e d d a t a f o r d i s s o l v e d o x y g e n a n d 
t e m p e r a t u r e f o r s t a t i o n s 1 a n d 2 a r e g i v e n i n a p p e n d i x 1 . 
The D O a n d t e m p e r a t u r e d a t a r e v e a l t h a t t h e l a k e r e m a i n e d 
s t r a t i f i e d d u r i n g t h e c r u c i a l summer m o n t h s o f J u n e . J u l y , a n d A u g u s t . 
T h e s y s t e m o p e r a t e d f o r o n e d a y o n J u l y 3 . 1 9 8 4 , o p e r a t e d f r o m J u l y 2 0 
t o A u g u s t 8 . 1 9 8 4 b e f o r e a l l t h e s y s t e m d e s i g n d e f i c i e n c i e s a n d 
i n s t a l l a t i o n p r o b l e m s w e r e c o r r e c t e d , a n d b e g a n t o f u n c t i o n 
s a t i s f a c t o r i l y w i t h o u t b r e a k d o w n s o n A u g u s t 2 4 , 1 9 8 4 . The D O 
c o n d i t i o n s i n t h e d e e p s t a t i o n w e r e f o u n d t o b e s i g n i f i c a n t l y i m p r o v e d 
o n J u l y 2 5 , 1 9 8 4 , o n l y a f e w d a y s a f t e r t h e s y s t e m w a s s t a r t e d o n J u l y 
2 0 . H o w e v e r , t h e D O c o n d i t i o n s d e t e r i o r a t e d r a p i d l y , a s i n d i c a t e d b y 
t h e f i e l d o b s e r v a t i o n s o n A u g u s t 1 0 , 1984 o n l y t w o d a y s a f t e r t h e 
b r e a k d o w n o f t h e d e s t r a t i f i e r . T h e l a k e b e c a m e i s o t h e r m a l a n d D O 
c o n c e n t r a t i o n s i n t h e d e e p w a t e r z o n e s i m p r o v e d a f t e r t h e u n i t r e s u m e d 
o p e r a t i n g o n A u g u s t 2 4 , 1 9 8 4 . T h e e f f i c a c y o f t h e d e s t r a t i f i c a t i o n 
s y s t e m i n i m p r o v i n g t h e D O c o n d i t i o n s a n d t h e o t h e r w a t e r q u a l i t y 
c h a r a c t e r i s t i c s c o u l d n o t b e f u l l y a s s e s s e d a n d d o c u m e n t e d b e c a u s e t h e 
s y s t e m w a s n o t f u l l y o p e r a t i o n a l d u r i n g t h e summer m o n t h s . H o w e v e r , 
T a b l e 1 . Summary o f Water Q u a l i t y C h a r a c t e r i s t i c s 
a t S t a t i o n 1 , May 1984 to A p r i l 1985 
Near s u r f a c e Mid-dep th Near bo t t om 
P a r a m e t e r s Mean Range Mean Range Mean Range 
S e c c h i r e a d i n g s ( i n c h e s ) 4 . 4 15-107 
T u r b i d i t y (NTU) 15 .5 4 . 0 - 5 7 . 0 1 4 . 9 3 . 0 - 4 3 . 0 31 .2 7 . 0 - 1 6 4 . 0 
pH ( d i m e n s i o n l e s s ) 8 .6 8 . 0 - 9 . 4 8 .5 8 . 0 - 9 . 0 8 .2 7 . 5 - 8 . 7 
A l k a l i n i t y 176 150-211 178 160-208 190 168-218 
C o n d u c t i v i t y (umho/cm) 352 300-424 358 306-435 380 314-529 
T o t a l p h o s p h a t e - P 0 . 1 1 0 . 0 2 - 0 . 2 8 0 .16 0 . 0 2 - 0 . 9 5 0 .24 0 . 0 1 - 0 . 8 0 
D i s s o l v e d p h o s p h a t e - P 0 .05 . 0 . 0 0 - 0 . 1 6 0 .06 0 . 0 0 - 0 . 1 9 0 . 1 1 0 . 0 0 - 0 . 7 5 
T o t a l ammonia-N 0.16 0 . 0 4 - 0 . 5 6 0 .21 . 0 . 0 3 - 0 . 5 4 0 .47 0 . 0 4 - 2 . 1 1 
N i t r a t e - N 0 .12 0 . 0 0 - 0 . 4 0 0 .10 0 . 0 0 - 0 . 3 6 0 .12 0 . 0 0 - 0 . 3 4 
T o t a l K j e l d a h l - N 1.54 0 . 5 1 - 3 . 2 0 1.26 0 . 5 5 - 2 . 2 8 1.84 0 . 8 5 - 4 . 4 9 
D i s s o l v e d s o l i d s 257 220-394 252 218-302 257 212-304 
T o t a l suspended s o l i d s 1 2 . 1 1 . 0 - 3 3 . 0 10 .9 0 . 0 - 3 7 . 0 36 .2 6 . 0 - 2 0 4 . 0 
V o l a t i l e s u s p . s o l i d s 8 . 1 0 . 0 - 3 3 . 0 6 .4 0 . 0 - 1 5 . 0 9 . 5 1 . 0 - 2 5 . 0 
N o t e : V a l u e s i n mg/1 u n l e s s o t h e r w i s e i n d i c a t e d 
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w i t h t h e c o n t i n u a t i o n o f t h e d a t a c o l l e c t i o n e f f o r t s d u r i n g t h e s u m m e r 
o f 1 9 8 5 , a m o r e d e t a i l e d a n d t h o r o u g h a s s e s s m e n t o f t h e i m p a c t o f t h e 
i n - I a k e m a n a g e m e n t t e c h n i q u e s w i l l b e i n c l u d e d i n t h e f i n a l r e p o r t f o r 
t h i s p r o j e c t . 
T h e r e s u l t s p r e s e n t e d i n T a b l e 1 f o r t h e n e a r s u r f a c e , m i d - d e p t h , 
a n d n e a r b o t t o m w a t e r s a t s t a t i o n 1 i n d i c a t e t h a t t h e r e w a s a c h e m i c a l 
s t r a t i f i c a t i o n c o n c o m i t a n t w i t h t h e t h e r m a l s t r a t i f i c a t i o n . T h e 
m i n i m u m a n d m a x i m u m p H v a l u e s f o r t h e s u r f a c e w a t e r s w e r e h i g h e r t h a n 
f o r t h e h y p o l i m n e t i c w a t e r s b e c a u s e o f a l g a l p h o t o s y n t h e s i s . T h e m e a n 
a l k a l i n i t y a n d c o n d u c t i v i t y v a l u e s f o r t h e h y p o l i m n e t i c w a t e r s w e r e 
h i g h e r b e c a u s e o f a c t i v e m i n e r a l i z a t i o n o f o r g a n i c s e d i m e n t s u n d e r 
a n a e r o b i c c o n d i t i o n s . F o r t h e same r e a s o n , t h e m e a n v a l u e s f o r t o t a l 
p h o s p h o r u s , d i s s o l v e d p h o s p h o r u s , a m m o n i a , a n d K j e I d a h I - n i t r o g e n w e r e 
h i g h e r f o r t h e n e a r b o t t o m w a t e r s t h a n f o r t h e s u r f a c e w a t e r s . T h e 
r a w d a t a f o r t h e c h e m i c a l c h a r a c t e r i s t i c s o f J o h n s o n S a u k T r a i l L a k e 
a r e i n c l u d e d i n a p p e n d i x 2 . 
T h e r e s u l t s o f a l g a l i d e n t i f i c a t i o n a n d e n u m e r a t i o n a l o n g w i t h 
c h I o r o p h y I I - a v a l u e s f o r t h e p e r i o d May t o S e p t e m b e r a r e s h o w n i n 
T a b l e 2 . B l u e - g r e e n a l g a e w e r e t h e d o m i n a n t s p e c i e s a n d r e a c h e d t h e 
h i g h e s t v a l u e o f 4 0 , 0 0 0 o n J u l y 5 , 1 9 8 4 . H o w e v e r , t h e s p e c i e s 
d o m i n a n c e s h i f t e d t o g r e e n s a f t e r t h e s i n g l e a p p l i c a t i o n o f c h e l a t e d 
c o p p e r s u l f a t e o n A u g u s t 8 , 1 9 8 4 . C h l o r o p h y l l - a v a l u e s r a n g e d f r o m 9 . 1 
t o 1 6 5 . 0 µ g / l w i t h t h e m a x i m u m v a l u e o b s e r v e d o n A u g u s t 1 , 1 9 8 4 . T h e 
r e s u l t s o f b e n t h i c m a c r o i n v e r t e b r a t e e x a m i n a t i o n s a r e s h o w n i n T a b l e 
3. 
T h e d i s t r i b u t i o n o f c o p p e r , e x p r e s s e d a s C u 2 + , i n t h e l a k e a f t e r 
t h e c o p p e r s u l f a t e a p p l i c a t i o n i s s h o w n i n T a b l e 4 . T h e b a c k g r o u n d 
c o p p e r c o n c e n t r a t i o n s w e r e b e l o w t h e d e t e c t i o n l i m i t . T h e c o p p e r w a s 
f o u n d t o b e u n i f o r m l y d i s t r i b u t e d t h r o u g h o u t t h e l a k e . A 
, . Table 2. Algal Types and Densities and Chlorophyll-a 
in Johnson Sauk Trail Lake 
(Algal densities in counts per milliliters) 
Chlorophyll-a 
Date BG G D F O Total (µg/1) 
5/9/84 10 1020 1,030 13.9 
5/23/84 120 20 10.0 240 9.1 
6/6/84 600 100 40 740 23.5 
6/20/84 1,000 50 10 1,060 16.8 
7/5/84 40,000 210 40,210 132.0 
7/18/84 230 10 20 260 56.6 
8/1/84 450 30 480 165.0 
8/22/84 40 80 10 130 49.5 
9/5/84 70 160 10    240       20.4 
9/19/84    260 26 63.3 
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Table 3. Benthic Macroinvertebrates Collected 
from Johnson. Sauk Trail Lake 
(Individuals per square meter) 
Station 1 
6/6/84 7/5/84 8/22/84 9/5/84 
Chironomidae (midge) 488 129 187 43 
Chaoborus (phantom midge fly) 6355 3257 416 1277 
Total 6843 3386 603 1320 
Station 2 
Chironomidae (midge) 187 674 559 588 
Chaoborus (phantom midge fly) 373 258 129 158 
Total 560 932 688 746 
Table 4. Distribution of Copper in Johnson 
Sauk Trail Lake on 8/10/84 (mg/1 as Cu2+) 
2 feet below 
Station Surface surface 
1 0.06 0.05 
2 .0.06 0.06 
3 0.06 0.06 
c o n c e n t r a t i o n o f 0 . 1 m g / l as Cu 2 + has been f o u n d a d e q u a t e t o c o n t r o l 
b l u e - g r e e n a l g a e . Because o f the c h e l a t i n g a g e n t ( c i t r i c a c i d ) used 
a l o n g w i t h c o p p e r s u l f a t e i n Johnson Sauk T r a i l L a k e , w h i c h has h i g h 
a l k a l i n i t y ( > 4 0 m g / l a s CaCO3), a d e q u a t e l e v e l s o f C u c o n c e n t r a t i o n s 
were m a i n t a i n e d even a f t e r 4 8 h o u r s . 
A t o t a l o f 172 t o n s ( w e t w e i g h t ) o f m a c r o p h y t e s was h a r v e s t e d and 
removed f r o m t h e l a k e . T h i s i s e s t i m a t e d t o have r e s u l t e d i n a n 
e x p o r t o f 125 pounds o f t o t a l p h o s p h o r u s f r o m t h e l a k e . T h i s 
r e p r e s e n t s a p p r o x i m a t e l y 3 1 p e r c e n t o f t h e g r o s s p h o s p h o r u s l o a d i n g t o 
t he lake . 
SUMMARY 
Johnson Sauk T r a i l Lake was m o n i t o r e d f o r p h y s i c a l , c h e m i c a l , and 
b i o l o g i c a l c h a r a c t e r i s t i c s d u r i n g t h e p e r i o d May 1984 t o A p r i l 1 9 8 5 t o 
a s s e s s t he i m p a c t o f t h e i n - l a k e w a t e r q u a l i t y management t e c h n i q u e s 
i m p l e m e n t e d f o r t h e l a k e . O e s t r a t i f i c a t i o n , c o n t r o l o f b l u e - g r e e n 
a l g a e b y a p p l i c a t i o n o f c h e l a t e d c o p p e r s u l f a t e f o l l o w e d b y p o t a s s i u m 
p e r m a n g a n a t e , m a c r o p h y t e h a r v e s t i n g / r e m o v a l , and s h o r e l i n e 
s t a b i l i z a t i o n were t r i e d t o enhance t h e w a t e r q u a l i t y c o n d i t i o n s . 
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A l o w e n e r g y a x i a l f l o w m e c h a n i c a l d e s t r a t i f i e r w a s i n s t a l l e d a t 
t h e d e e p e s t p a r t o f t h e l a k e o n J u l y 3 , 1 9 8 4 . T h e s y s t e m o p e r a t e d o n l y 
i n t e r m i t t e n t l y u n t i l A u g u s t 2 4 , 1 9 8 4 b e c a u s e o f d e s i g n , f a b r i c a t i o n , 
a n d i n s t a l l a t i o n d e f i c i e n c i e s . T h e u n i t t h e n p e r f o r m e d c o n t i n u o u s l y 
w i t h o u t i n t e r r u p t i o n u n t i l e a r l y M a r c h 1 9 8 5 w h e n i t w a s t u r n e d o f f 
b e c a u s e o f t h e s p r i n g t u r n o v e r . F r o m t h e l i m i t e d a m o u n t o f d a t a 
p e r t a i n i n g t o t h e s u m m e r p e r i o d w h e n t h e s y s t e m w a s o p e r a t i n g , i t w a s 
f o u n d t h a t t h e d e s t r a t i f i e r w a s c a p a b l e o f i m p r o v i n g t h e o x y g e n 
c o n d i t i o n s t h r o u g h o u t t h e l a k e . T h e c h e l a t e d c o p p e r s u l f a t e 
a p p l i c a t i o n w a s f o u n d t o b e e f f e c t i v e i n h i g h a l k a l i n i t y w a t e r s . 
C o p p e r w a s f o u n d t o b e w e l l a n d u n i f o r m l y d i s t r i b u t e d i n t h e t o p t w o 
f e e t o f t h e l a k e w i t h a c o n c e n t r a t i o n o f a p p r o x i m a t e l y 0 . 0 6 m g / 1 ( a s 
C u 2 + ) . T h e e f f i c a c y o f t h e d e s t r a t i f i e r i n e n h a n c i n g t h e l a k e ' s w a t e r 
q u a l i t y c h a r a c t e r i s t i c s c o u l d n o t b e f u l l y a s s e s s e d b e c a u s e t h e s y s t e m 
w a s n o t i n o p e r a t i o n d u r i n g t h e c r i t i c a l s u m m e r m o n t h s o f J u n e , J u l y , 
a n d m o s t o f A u g u s t . W i t h t h e c o n t i n u a t i o n o f t h e d a t a c o l l e c t i o n 
d u r i n g t h e s u m m e r o f 1 9 8 5 , a c o m p l e t e a n d t h o r o u g h a n a l y s i s o f t h e 
r e s p o n s e o f t h e l a k e t o i m p l e m e n t a t i o n o f t h e t e c h n i q u e s r e c o m m e n d e d 
i n t h e d i a g n o s t i c / f e a s i b i I i t y s t u d y o f t h e l a k e ( K o t h a n d a r a m a n a n d 
E v a n s , 1 9 8 3 ) w i l l b e i n c l u d e d i n t h e f i n a l r e p o r t . 
T h e m a c r o p h y t e h a r v e s t i n g a n d r e m o v a l w a s f o u n d t o i m p r o v e t h e 
g e n e r a l a e s t h e t i c c o n d i t i o n s a n d t h e b a n k a n d b o a t f i s h i n g 
o p p o r t u n i t i e s i n t h e l a k e . O n l y o n e h a r v e s t w a s f o u n d n e c e s s a r y , 
e v e n t h o u g h h a r v e s t i n g t h e l a k e t w i c e w a s i n i t i a l l y a n t i c i p a t e d . 
R E F E R E N C E S 
K o t h a n d a r a m a n , V . , a n d R . L . E v a n s . 1 9 8 3 . D i a g n o s t i c - f e a s i b i I i t v s t u d y 
o f J o h n s o n S a u k T r a i l L a k e . I l l i n o i s S t a t e W a t e r S u r v e y C o n t r a c t 
R e p o r t 3 1 2 , 1 2 6 p . 
Q u i n t e r o , J . E . , a n d J . E . G a r t o n . 1 9 7 3 . A l o w e n e r g y l a k e 
d e s t r a t i f i e r . T r a n s a c t i o n s o f t h e A m e r i c a n S o c i e t y o f 
A g r i c u l t u r a l E n g i n e e r s , v . 1 6 [ 5 ] : 9 7 3 - 9 7 8 . 
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Appendix 1. Dissolved oxygen, temperature observations 
in Johnson Sauk Trail Lake, Station 1 
Depth 5/09/84 5/23/84 6/06/84 6/20/84 7/05/84 7/18/84 
feet D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. 
0 9.3 13.5 9.7 19.5 10.5 21.6 12.2 26.0 16.6 25.0 6.7 25.5 
2 9.3 13.5 9.0 19.3 10.4 21.6 12.2 26.0 15.4 24.4 5.2 25.0 
4 9.3 13.5 8.9 19.0 10.3 21.6 10.126.0 12.0 24.0 4.125.0 
6 9.1 13.1 8.6 19.0 9.4 21.6 8.2 25.0 5.1 23.5 3.3 25.0 
8 9.0 13.0 8.4 19.0 9.4 21.6 5.8 24.5 4.1 23.2 0.9 25.0 
10 8.9 13.0 8.1 18.8 9.4 21.6 3.1 23.5 3.6 23.1 0.8 24.5 
12 8.9 13.0 5.8 17.8 9.4 21.6 1.5 22.2 2.4 23.0 0.7 23.0 
14 8.4 13.0 2.9 18.5 1.7 15.6 1.120.5 0.5 22.2 0.7 22.0 
16 6.0 12.5 1.3 14.5 1.4 14.2 1.1 17.0 0.5 21.5 0.7 21.0 
18 3.9 12.0 0.7 13.2 1.2 13.9 1.1 15.5 0.5 21.0 0.6 20.0 
20 1.7 11.9       1.5 14.0 1.1 14.0 0.5 21.0 0.5 18.5 
22 1.1 13.5 
Depth 7/25/84 8/01/84 8/10/84 8/22/84 9/05/84 9/19/84 
fee t D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. 
0 4.6 26.2 14.4 26.0 4.2 28.0 5.3 25.8 3.6 22.0 8.9 19.6 
2 4.5 26.2 14.3 26.0 4.1 28.0 3 .8 25.2 3 .5 22.0 8.5 19.2 
4 4.5 26.2 11.4 25.5 3 .5 27.5 3.6 25.0 3 .5 22.0 8.1 18.9 
6 4.2 26.2 10.4 25.2 2 .4 27.5 2.8 25.0 3 .5 22.0 7.8 18.9 
8 3.7 26.1 10.0 25.2 2 .4 27.5 2 .8 24.9 3 .5 22.0 7.6 18.9 
10 3.6 26.1 9.2 25.0 1.7 27.5 2.8 24.9 3 .5 22.0 7.6 18.9 
12 3.6 28.1 8.2 25.0 1.1 27.0 2.6 24.9 3 .5 22.0 7.6 18.9 
14 3 .3 26.1 5.2 24.4 0.7 27.0 2.2 24.9 3.5 22.0 7.6 18.9 
16 2.9 26.1 5.2 24.9 0.7 26.0 2.2 24.8 3.5 22.0 7.5 18.9 
18 2.7 26.1 3.9 24.2 0.7 26.0 0.7 24.6 3 .5 22.0 7.3 18.8 
20 2.1 26.1 2.7 24.2 0.7 26.0 0.6 23.6 2.7 22.0 4.4 18.7 
22 0.7 25.5 2.0 24.1 0.7 25.0 
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Appendix 1. Dissolved oxygen, temperature observations 
in Johnson Sauk Trail Lake, Station 1 
Depth 10/17/84 11/15/84 12/12/84 1/22/85 2/15/85 3/13/85 
feet D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. 
0 6.3 16.0 11.2 6.5 12.0 3.5 11.5 1.0 11.5 1.0 11.5 2.8 
2 6.2 16.0 11.2 6.5 12.0 3.5 11.5 1.5 11.5 1.0 11.4 2.8 
4 6.2 16.0 11.2 6.5 12.0 3.5 11.5 1.5 11.5 1.0 11.4 2.8 
6 6.2 16.2 11.2 6.5 12.0 3.5 10.6 1.5 11.5 1.0 11.4 2.8 
8 6.2 16.0 11.2 6.5 12.0 3.5 5.2 1.5 11.5 1.0 11.4 2.8 
10 6.2 16.0 11.2 6.5 12.0 3.5 11.5 1.0 11.4 2.8 
12 6.2 16.0 11.2 6.5 12.0 3.5 9.2 1.0 11.3 2.8 
14 5.9 16.0 11.2 6.5 12.0 3.5 11.2 2.7 
16 5.9 16.0 11.2 6.5 12.0 3.5 11.2 2.7 
18 5.9 16.0 12.0 3.5 11.2 2.7 
20 5.6 16.0 1.3 3.5 10.8 2.7 
Depth 4/16/85 
feet D.O. Temp. 
0 13.6 13.8 
2 13.1 13.7 
4 13.3 13.3 
6 13.3 13.0 
8 13.3 13.0 
10 13.2 12.6 
12 13.0 12.4 
14 12.9 12.1 
16 12.0 11.2 
18 10.3 10.2 
20 9.1 9.9 
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Appendix 1. Dissolved oxygen, temperature observations 
in Johnson Sauk Trail Lake, Station 2 
Depth 5/09/84 5/23/84 6/06/84 6/20/84 7/05/84 7/18/84 
feet D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. 
0 9.1 14.0 8.6 19.8 9.0 21.2 14.1 26.2 16.0 26.0 7.8 26.0 
1 9.1 14.0 8.6 19.8 8.9 21.0 14.1 26.0 15.9 24.8 7.8 26.0 
2 9.1 14.0 8.6 19.8 8.8 21.0 14.0 26.0 12.0 24.2 7.8 26.0 
3 9.113.9 8.6 19.8 8.7 21.0 14.0 26.0 12.4 24.2 7.8 26.0 
4 9.2 13.9 8.6 19.8 8.9 20.8 14.0 26.0 8.2 24.0 7.8 26.0 
5 9.2 13.8 8.6 19.5 8.7 20.2 14.0 25.9 9.9 24.0 7.7 26.0 
6 9.2 13.8 8.6 19.5 8.6 20.2 12.6 25.5 8.123.9 7.8 26.0 
7 9.5 12.5 8.5 18.8 8.4 19.9 11.1 25.0 4.2 23.6 8.1 25.5 
8 9.4 12.0 8.5 18.5 7.8 19.6 4.1 24.5    3.5 25.0 
9 9.1 11.5 5.5 18.2 6.3 19.1 4.0 24.5 
10 5.2 18.0 5.7 19.0 
Depth 7/25/84 8/01/84 8/10/84 8/22/84 9/05/84 9/19/84 
f e e t D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. 
0 9.8 26.9 11.8 25.6 4.5 28.0 8.3 26.0 5.1 22.0 8.5 19.0 
1 9.0 26.8 10.2 25.5 4.3 28.0 8.0 26.0 5.0 22.0 8.4 18.9 
2 7.8 26.8 9.4 25.0 4.3 28.0 8.0 25.9 5.0 22.0 8.4 18.8 
3 6 .4 26.6 9.5 24.7 4.4 28.0 4.3 25.2 4.8 22.0 8.3 18.4 
4 6.0 26.6 9.4 24.8 4.4 28.0 4.1 25.0 4.8 22.0 8.0 18.2 
5 5.8 26.6 9.2 24.7 4.4 28.0 4.0 25.0 4.8 22.0 7.9 18.1 
6 5.8 26.5 9 . 1 2 4 . 6 4.4 28.0 3.6 24.9 4.6 22.0 7 .4 18.0 
7 4.6 26.4 8.9 24.6 3 .8 28.0 3.5 24.9 4.3 21.5 7 .4 17.8 
8 3.5 26.2 8.9 24 .4 4.3 28.0 2.9 24 .4 4.1 21.5 5.5 17.5 
9 2 .8 21.0 5.8 17.2 
11 
Appendix 1. Dissolved oxygen, temperature observations 
in Johnson Sauk Trail Lake, Station 2 
Depth 10/17/84 11/15/84 12/12/84 1/22/85 2/15/85 3/13/85 
feet D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. 
12 
0 6.9 16.0 11.2 6.5 
1 6.8 16.0 11.0 6.5 
2 6 .8 16.0 11.0 6.5 
3 6 .8 16.0 11.0 6.5 
4 6 .8 16.0 11.0 6.5 
5 6 .8 15.5 11.0 6.5 
6 6 .8 15.0 11.0 6.5 
7 6 .8 15.0 11.0 6.5 
8 3 . 4 15.0 11.0 6.5 
9 --- --- 1.5 6.5 
10 --- --- ---  --- 
10.8 1.0 12.1 0.0 11.8 2.8 
10 .4 1.5 11.9 1.0 11.5 2.8 
10.4 1.5 11.2 1.0 11.5 2.8 
10.2 1.8 11.1 1.0 11 .4 2.8 
10.0 1.9 11.1 1.5 11 .4 2.8 
10.0 2.0 11.1 1.5 11.3 2.8 
10.0 2.0 11.1 1.5 11.3 2.8 
10.0 2.0 11.0 1.5 11.2 2.8 
10.0 2.0 11.0 1.5 11.2 2 .8 
10.0 2.0 11.0 1.5 11.2 2 .8 
--- --- --- --- 9 .4 2 .8 
Depth 4/16/85 
feet D.O. Temp. 
0 13.8 14.3 
1 13.8 14.3 
2 13.8 14.3 
3 13.8 14.2 
4 13.8 14.2 
5 13.8 14.1 
6 13.8 14.0 
7 13.8 13.8 
8 14.2 13.8 
9 14.1 13.8 
Appendix 2. Physical and chemical q u a l i t y c h a r a c t e r i s t i c s of sur face waters 
at s t a t i o n 1 in Johnson Sauk T r a i l Lake 
Parameters 5/09/84 5/23/84 6/06/84 6/20/84 7/05/84 7/18/84 
Secchi d i s c readings ( inches) 43.00 60.00 45.00 47.00 27.00 32.00 
Turb id i ty (NTU) 11.00 6.00 20.00 17.00 16.00 13.00 
pH (d imensionless) 8.30 8.60 8.70 8.90 9.40 9.00 
A l k a l i n i t y 172.00 188.00 180.00 178.00 156.00 150.00 
Conduct ivi ty (umho/cm) 424.00 397.00 392.00 362.00 336.00 333.00 
● Tota l phosphate - P .03 .05 .05 .03 .12 .13 
Dissolved phosphate - P 0.00 .02 .02 .01 .04 .04 
Tota l ammonia - N .04 .04 .07 .10 .06 .19 
N i t r a t e - N 0.00 .19 .17 .07 .06 .06 
Kjeldahl - N .51 .86 3.16 1.53 2.86 
Dissolved s o l i d s 251.00 293.00 246.00 248.00 232.00 224.00 
Tota l suspended s o l i d s 4.00 5.00 11.00 5.00 22.00 10.00 
V o l a t i l e suspended s o l i d s 2.00 5.00 6.00 5.00 18.00 6.00 
Parameters 8/01/84 8/22/84 9/05/84 9/19/84 10/17/84 11/15/84 
Secchi d i s c readings ( inches) 15.00 31.00 24.00 21.00 30.00 39.00 
Turb id i ty (NTU) 57.00 14.00 24.00 27.00 16.00 11.00 
pH (d imensionless) 9.30 8.70 8.50 8.60 8.50 8.20 
A l k a l i n i t y 160.00 176.00 182.00 180.00 168.00 182.00 
Conduct ivi ty (umho/cm) 300.00 418.00 312.00 313.00 322.00 324.00 
Tota l phosphate - P .28 .23 .27 .21 .17 .07 
Dissolved phosphate - P .10 .12 .16 .10 .10 .03 
Tota l ammonia - N .14 .12 .56 .44 .35 .16 
N i t r a t e - N .12 .05 .08 .17 .05 .17 
Kjeldahl - N 3.20 2.37 1.79 2.02 .99 1.32 
Dissolved s o l i d s 220.00 245.00 248.00 246.00 246.00 248.00 
Tota l suspended s o l i d s 33.00 8.00 17.00 33.00 10.00 4.00 
V o l a t i l e suspended s o l i d s 33.00 8.00 16.00 12.00 7.00 4.00 
• 
Note: Values in mg/1 unless otherwise indicated. 
• ■ 
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Appendix 2. Physical and chemical quality characteristics of surface waters 
at station 1 in Johnson Sauk Trail Lake 
Parameters 12/12/84 1/16/85 1/22/85 2/15/85 3/13/85 4/16/85 
Secchi disc readings (inches) 61.00 72.00 72.00 26.00 107.00 
Turbidity (NTO) 5.00 8.00 4.00 7.00 19.00 4.00 
" pH (dimensionless) 8.30 8.20 8.10 8.00 8.30 8.50 
Alkalinity 175.00 174.00 194.00 211.00 172.00 177.00 
Conductivity (µmho/cm) 348.00 367.00 357.00 400.00 319.00 325.00 
• Total phosphate - P .07 .07 .05 .03 .02 .02 
Dissolved phosphate - P .02 .02 .02 .01 .02 .01 
Total ammonia - N .09 .05 .06 .16 .09 .17 
Nitrate - N .01 .40 .02 .13 .34 .03 
Kjeldahl - N 1.19 .75 .86 1.08 1.13 .62 
Dissolved solids 250.00 394.00 263.00 296.00 230.00 252.00 
Total suspended solids 2.00 24.00 4.00 11.00 13.00 1.00 
Volatile suspended solids 2.00 3.00 3.00 8.00 7.00 0.00 
Note: Values in mg/1 unless otherwise indicated. 
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Appendix 2. Physical and chemical quality characteristics of mid-depth waters 
at station 1 in Johnson Sauk Trail Lake 
Parameters 5/09/84 5/23/84 6/06/84 6/20/84 7/05/84 7/18/84 
Secchi disc readings (inches) 
Turbidity (NTU) 12.00 11.00 16.00 10.00 6.00 12.00 
pH (dimensionless) 8.30 8.50 8.70 8.50 8.70 8.50 
Alkalinity 181.00 196.00 180.00 170.00 168.00 160.00 
Conductivity (µmho/cm) 424.00 393.00 394.00 378.00 362.00 352.00 
●Total phosphate - P .03 .05 .05 .04 .15 .24 
Dissolved phosphate - P 0.00 .02 .02 .01 .08 .11 
Total ammonia - N .04 .06 .07 .15 .27 .43 
Nitrate - N 0.00 .18 .23 .36 .05 .05 
Kjeldahl - N .55 .90 2.28 1.42 1.64 
Dissolved solids 249.00 299.00 244.00 256.00 240.00 240.00 
Total suspended solids 7.00 6.00 8.00 0.00 10.00 10.00 
Volatile suspended solids 3.00 6.00 4.00 0.00 4.00 5.00 
Parameters 8/01/84 8/22/84 9/05/84 9/19/84 10/17/84 11/15/84 
Secchi disc readings (inches) 
Turbidity (NTU) 43.00 16.00 24.00 27.00 25.00 12.00 
pH (dimensionless) 9.00 8.70 8.50 8.50 8.30 8.20 
Alkalinity 164.00 168.00 182.00 184.00 168.00 182.00 
Conductivity (µmho/cm) 321.00 435.00 306.00 319.00 322.00 322.00 
Total phosphate - P .95 .22 .28 .22 .19 .09 
Dissolved phosphate - P .11 .14 .19 .10 .11 .04 
Total ammonia - N .06 .42 .54 .45 .27 .16 
Nitrate - N .11 .01 .05 .02 .03 .17 
Kjeldahl - N 2.02 1.60 1.85 2.11 .74 .97 
Dissolved solids 218.00 246.00 248.00 244.00 246.00 246.00 
Total suspended solids 20.00 8.00 17.00 37.00 15.00 6.00 
Volatile suspended solids 15.00 8.00 14.00 14.00 7.00 3.00 
* 
Note: Values in mg/1 unless otherwise indicated. 
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Appendix 2. Physical and chemical quality characteristics of mid-depth waters 
at station 1 in Johnson Sauk Trail Lake 
Parameters 12/12/84 1/16/85 1/22/85 2/15/85 3/13/85 4/16/85 
16 
Secchi disc readings (inct 
Turbidity (NTU) 
pH (dimensionless) 
Alkalinity 
Conductivity (µmho/cm) 
● Total phosphate - P 
Dissolved phosphate - P 
Total ammonia - N 
Nitrate - N 
Kjeldahl - N 
Dissolved solids 
Total suspended solids 
Volatile suspended solids 
5.00 
8.30 
176.00 
349.00 
.05 
.01 
.10 
.01 
1.05 
250.00 
3.00 
3.00 
6.00 3.00 20.00 5.00 
8.10 8.00 8.30 8.50 
194.00 208.00 173.00 178.00 
352.00 404.00 320.00 325.00 
.06 .04 .06 .02 
.02 .02 .02 .01 
.05 .22 .03 .33 
.02 .11 .34 .03 
.74 .90 .74 .64 
265.00 302.00 230.00 256.00 
13.00 8.00 11.00 6.00 
10.00 4.00 7.00 1.00 
Note: Values in mg/1 unless otherwise indicated. 
Appendix 2. Physical and chemical quality characteristics of bottom waters 
at station 1 in Johnson Sauk Trail Lake 
Parameters 5/09/84 5/23/84 6/06/84 6/20/84 7/05/84 7/18/84 
Secchi disc readings (inches) 
Turbidity (NTU) 16.00 10.00 22.00 15.00 19.00 7.00 
pH (dimensionless) 8.10 8.40 7.50 8.20 8.10 8.20 
Alkalinity 208.00 200.00 218.00 192.00 184.00 204.00 
Conductivity (umho/cm) 429.00 414.00 454.00 413.00 398.00 412.00 
● Total phosphate - P .04 .06 .22 .01 .43 .80 
Dissolved phosphate - P 0.00 .03 .13 0.00 .30 .75 
Total ammonia - N .04 .08 .18 .45 .77 2.11 
Nitrate - N 0.00 .18 .27 .33 .05 .03 
Kjeldahl - N .85 1.03 2.86 1.50 2.15 
Dissolved solids 257.00 302.00 272.00 270.00 246.00 272.00 
Total suspended solids 12.00 6.00 22.00 10.00 21.00 6.00 
Volatile suspended solids 4.00 6.00 7.00 8.00 6.00 2.00 
Parameters 8/01/84 8/22/84 9/05/84 9/19/84 10/17/84 11/15/84 
Secchi disc readings (inches) 
Turbidity (NTD) 68.00 17.00 30.00 43.00 25.00 164.00 
pH (dimensionless) 8.70 8.20 8.50 8.50 8.60 8.10 
Alkalinity 168.00 198.00 182.00 186.00 170.00 186.00 
Conductivity (umho/cm) 334.00 529.00 317.00 314.00 320.00 321.00 
Total phosphate - P .62 .53 .29 .25 .19 .24 
Dissolved phosphate - P .14 .14 .18 .01 .11 .03 
Total ammonia - N .19 1.91 .59 .53 .28 .20 
Nitrate - N .12 .02 .06 .18 .03 .20 
Kjeldahl - N 2.10 4.49 2.03 2.11 .90 2.12 
Dissolved solids 212.00 258.00 248.00 246.00 242.00 248.00 
Total suspended solids 70.00 16.00 18.00 56.00 11.00 204.00 
Volatile suspended solids 15.00 10.00 15.00 16.00 7.00 25.00 
Note: Values in mg/1 unless otherwise indicated. 
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Appendix 2. Physica l and chemical q u a l i t y c h a r a c t e r i s t i c s of bottom waters 
at s t a t i o n 1 in Johnson Sauk T r a i l Lake 
Parameters 12/12/84 1/16/85 1/22/85 2/15/85 3/13/85 4/16/85 
18 
Secchi d i sc readings ( inches ) 
Turb id i ty (NTU) 
pH (d imensionless) 
A l k a l i n i t y 
Conduct ivi ty (µmho/cm) 
● Total phosphate - P 
Dissolved phosphate - P 
Total ammonia - N 
N i t r a t e - N 
Kjeldahl - N 
Dissolved s o l i d s 
Total suspended s o l i d s 
V o l a t i l e suspended s o l i d s 
7.00 
8.30 
183.00 
396.00 
.05 
.01 
.15 
.01 
1.27 
248.00 
14.00 
13.00 
10.00 38.00 30.00 10.00 
8.10 8.00 8.30 8.30 
193.00 210.00 173.00 181.00 
358.00 393.00 323.00 333.00 
.07 .13 .09 .05 
.02 .02 .02 .01 
.08 .19 .05 .23 
.02 .10 .34 .03 
.98 1.89 1.41 1.73 
267.00 304.00 228.00 256.00 
23.00 91.00 26.00 10.00 
8.00 11.00 8.00 1.00 
Note: Values in mg/1 unless otherwise indicated. 
